Introduction
The continental ichthyofauna of Guatemala is highly diverse (Rosen and Bailey 1963; Miller 1966 Miller , 1976 1982; Bussing 1976 Bussing , 1985 Rosen 1979; Kihn-Pineda et al. 2006) . Lachuá Lake is an oligotrophic, karstic, and deep sinkhole located in Guatemala's Laguna Lachuá National Park (LLNP), Department of Alta Verapaz, southern Maya Lowlands. Surrounded by southeastern Mexico, Guatemala's Maya Lowlands concentrate the largest national terrestrial natural reserves, include 35.2% of the total number of freshwater fish species estimated for the country, and constitute one of the most preserved and important biodiversity regions in Mesoamerica (ValdezMoreno et al. 2005; 2009) .
Biological inventories of regions with minimal habitat degeneration are crucial in the planning and establishment of conservation and management strategies by governmental and nongovernmental agencies (SchmitterSoto 1998; Valdez-Moreno et al. 2005) . Although Guatemala's freshwater ichthyofauna has been relatively well described (Miller 1976; Willink et al. 2000) , studies are generally old and sparse, many lack of exact collection localities, and most fail to synthetize and update the available information (Miller 1982; Valdez-Moreno et al. 2005) . In particular, the extensive ichthyological surveys and collections in Guatemala during the last century did not include LLNP and no specimens from Lachuá Lake are recorded in interinstitutional databases of fish biodiversity in the neotropics (e.g., NEODAT 2001) .
Considering Lachuá Lake's regional and internationallyshared biodiversity, and faced with the potential anthropogenic threats to its unknown ichthyofauna, we conducted the first long-term ichthyological survey of this The value of Lachuá Lake and the surrounding 14,500 ha of tropical rainforest as an important biodiversity refuge and recreational center was recognized in 1996, when the area became fully protected as a national park of Guatemala (Avendaño- Mendoza et al. 2005) . In 2006, Lachuá Lake was included in the Annotated Ramsar List of Wetlands of International Importance (Ramsar 2007) . Access to Lachuá Lake is very limited (i.e., a 4-km hike through the forest connects the lake to the closest access road) and fishing and hunting are totally prohibited in the natural reserve. Besides two small piers, a visitor center for seasonal tourists, and a biological station for park rangers and researchers, the area lacks modern infrastructure and facilities.
The national park and its buffer zone (Figure 1 ) belong to Guatemala's northern tropical rainforest remnants, which represent the last and northernmost forest mass after Amazonia in South America (Mendoza and Dirzo 1999) . The region has a dominant seasonal climate with a mean annual temperature ranging between 25 o C and 28 o C, a precipitation of 3000 mm/yr, and differentiated wet (May through November) and dry seasons (December through April) (Granados-Dieseldorff unpublished data; Leyden 2002) . Currently, the Q'eqchi' ethnic group represents most of the surrounding population, with approximately 11,000 inhabitants from 38 local communities. Land registration and road building was established in the region in an attempt to create infrastructure and social services for local repatriated communities after the end of the civil war in 1996 (Avendaño- Mendoza et al. 2005) .
From May 2000 through February 2001, 10-day surveys of Lachuá's ichthyofauna were conducted monthly. Three major habitat types were identified a priori in the lake's littoral zone (7.4 km total perimeter): a muddy shore (calcareous silt, 85% of the littoral zone), a rocky shore (calcareous rocks, 14%), and the mouths of four rivers (< 1%, two affluents -Peyán and Escondido, and two effluents -Lachuá and Tzetoc) (Figures 1 and 2) . In an attempt to cover the three major habitat types, a total of nine sampling sites were selected and marked using a GPS Garmin II Plus (Figure 1 ). Three sites were situated in the muddy shore (MS -E1, E7, and E9), two in the rocky shore (RS -E3 and E4), and four distributed among each of the four river mouths (RM -E2, E5, E6, and E8). Each site was sampled for ichthyofauna and associated physiochemical parameters (water temperature, pH, conductivity, hardness, transparency, and nutrients concentration), on a daily basis, every month (i.e., a 10-day sampling effort per site, per month), and surveys covered the wet (MayNovember) and dry (December-February) seasons.
A bathymetric map and profile of Lachuá Lake were produced using an Apelco ecosounder that measured depths at 50 randomly georeferenced sites (Figure 1 ). Data were geoprocessed in ArcView 2.x. Water samples were collected at each sampling site with a 2-L vertical Van Dorn hydrographic bottle and physiochemical analyses were made with a portable LaMotte Smart Water Analysis Laboratory, which included thermometer, pH meter, conductivity meter, Secchi disk, reactants, and colorimeter (Table 1) .
Fish were collected during dark and light hours using standard ichthyological gear, including an experimental gill net (3 m deep, 40 m long, with 5 different panels of 8 m long each, and 2.5-, 3.75-, 5-, 6.75-, and 7.5-cm mesh size, respectively), a fine mesh dipnet (20 cm deep, 40x40 cm frame, 0.5-cm mesh size), a seine (1.30 m deep, 10 m long, 0.6-cm mesh size), a hook line (30 m long, 12 fish hooks of different sizes), four double-cone traps (50 cm long with 2.5-, 3.75-, 5-, and 6.75-cm interior opening, respectively), a cast net (2-m radius, 0.63-cm mesh size), and a spear gun. Bait for traps and hooks included a combination of different meats and vegetables. Fishing effort was equally distributed in each sampling site, although seining was extremely difficult in the muddy shore and in the river mouths.
Research and collecting permits were provided by the Instituto Nacional de Bosques (INAB) and Fundación Solar (institutional co-managers of the LLNP) to the Escuela de Biología, Universidad de San Carlos de Guatemala (USAC) (Convenio y Permiso de Investigación 2000-2001/ Componente Limnológico Proyecto Lachuá/Escuela de Biología USAC/Fundación Solar/ INAB). In order to comply with the LLNP management regulations and research permits, no intensive collections of ichthyofauna were performed and fish collections were very limited in quantity. Organisms were preferably identified in the field and those with appropriate size, photographed inside an arranged 30x15x20 cm tank before being released alive back to the lake. Specimens of uncertain field identification were retained and were first preserved in 10% formalin for at least 48 hours, and then transferred to 70° GL ethanol for transportation and laboratory identification. Ichthyofauna data were recorded as presence-absence of individual fish species in sampling sites. Voucher specimens were deposited in the fish collection of the Museo de Historia Natural (MUSHNAT), Universidad de ) averaged for the total study period, and observations on bottom structure and microhabitat complexity presented. Geographic location of sampling sites is indicated in Figure 1 and examples of localities in Figure 2 .
San Carlos de Guatemala (USAC), Guatemala City. Families in the taxonomic list (Table 2) were arranged according to Eschmeyer and Fong (2012) . Two hierarchical, agglomerative cluster analyses, using PRIMER (Plymouth Routines In Multivariate Ecological Research) version 6.1.6 (Clarke and Gorley 2006) were performed in order to classify arrangements of fish assemblages across sampling sites (E1-E9) and explore patterns of similarity among fish assemblages of four limnological systems of the biogeographic Usumacinta Province (Bussing 1976; Miller 1982; Abell et al. 2008) . Data for the second analysis included the fish species lists of the Usumacinta River (112 species, Miller 1976; Willink et al. 2000) , Laguna del Tigre National Park (55 species, Willink et al. 2000) , Lacanjá River (44 species, RodilesHernández et al. 1999) , and Lachuá Lake (36 species, this study) (Figure 1 ). Bray-Curtis distance similarities were based on presence-absence of fish species and clustering groups were weighted using the group average method.
Results and Discussion
A total of 36 different species, distributed in 26 genera, 15 families, and 10 orders were identified for the first time in Lachuá Lake (Table 2) . Gobiomorus dormitor Lacepède 1800 was collected for the first time in northern Guatemala in 2001 (Granados-Dieseldorff unpublished data) and later recorded by Valdez-Moreno et al. (2005) . The species list comprises almost half of the combined total number of species found in the Departments of El Petén and Alta Verapaz. Although Alta Verapaz is a region characterized by a high degree of endemism as a result of local karst topography combined with tectonic activity (ValdezMoreno et al. 2005) , none of the species are endemic solely to the lake, none are listed as threatened or endangered in Guatemala, and most of them are distributed along the central region of the Usumacinta province, which consists of northern Guatemala, Belize and southern Mexico (Miller 1966 (Miller , 1976 (Miller , 1982 Bussing 1976; Abell et al. 2008) . However, the species Atherinella schultzi (Álvarez and Carranza, 1952) , Batrachoides goldmani (Evermann and Goldsborough, 1902) , Hyporhamphus mexicanus Álvarez, 1959 , Paraneetroplus bifasciatus (Steindachner, 1864 , Paraneetroplus synspilus (Hubbs, 1935) , Petenia splendida Günther, 1862, Potamarius nelsoni (Evermann and Goldsborough, 1902) , Theraps heterospilus (Hubbs, 1936) , Theraps lentiginosus (Steindachner, 1864), Theraps pearsei (Hubbs, 1936) , Thorichthys helleri (Steindachner, 1864), Thorichthys meeki Brind, 1918, and Thorichthys pasionis (Rivas, 1962) are endemic to the Usumacinta River Basin (Miller 1976 (Miller , 1982 Willink et al. 2000) , the main binational collecting system to which Lachuá Lake is hydrologically connected (Granados-Dieseldorff unpublished data).
According to Myers' (1966) phylogenetic classification, which is based on historical salinity tolerance of freshwater fish families, 11% of the Lachuá's fish species are primary, 57% secondary, and 32% peripheral. In agreement with the typical fish species composition of the Usumacinta Province (Miller 1966; 1982) , cichlids (40% of the total fish species) and poecilids (14%) constituted together more than half of the fish species collected in Lachuá Lake. Although no exotic species were collected, the presence of two introduced species to the region (Miller 1976; ValdezMoreno et al. 2005) , the grass carp Ctenopharyngodon idella (Valenciennes, 1844) and blue tilapia, Oreochromis aureus (Steindachner, 1864), has been reported in surrounding river basins (Granados-Dieseldorff unpublished data). Considering their competitive and invasive behavior (Morales-Román and Rodiles-Hernández 2000), these exotic species would constitute an eminent threat to Lachuá's native fish fauna if their presence is confirmed by posterior surveys.
Based on species composition, the similarity between the ichthyofaunas of the Usumacinta River and the adjacent Laguna del Tigre National Park (LTNP) was the greatest (Figure 3) . Together, these ichthyofaunas were similar to Lacanjá River's in the southwest Usumacinta River drainage basin (Figure 1 ). In the southernmost, upper reaches of this system, the ichthyofauna of Lachuá Lake was the most dissimilar. This is in agreement with observations from other drainage basins around the world where ecosystem processes and biological community structure change along fluvial gradients within drainage basins (e.g., Hynes 1970; Bussing and López 1977; LoweMcConnell 1987; Winemiller et al. 2011) . Moreover, lotic systems, such as the Usumacinta River, Lacanjá River, and the streams network of LTNP, differ in ecological attributes (sensu Lowe-McConnell 1987) from lentic systems, such as Lachuá Lake. Productivity of ecosystems, organismal responses to variations in fluvial discharge, and species interactions all vary along gradients of limnological and morphometric factors that transition from headwaters into downstream reaches (Hynes 1970; Lowe-McConnell 1987; Winemiller et al. 2011) .
Greater numbers of fish species occurred in the rocky shore of the littoral zone (i.e., 15% of the Lake's littoral), especially around the mouths of Lachuá's tributary and effluent rivers, and close to the piers and visitor center. The sampling sites closest to Lachuá's visitor center (E1 and E2), which combined a rocky and river-influenced littoral (Figures 1 and 2 ; Table 2), remarkably accounted for more than 90% of the total species identified for the lake. Their assemblage structure, based on the number of recorded fish species during the total study period, was different from the other sampling sites ( Figure  4) . The anthropogenic input of nutrients (i.e., organic contamination from an estimated visitation rate of 50 visitors/m 2 /yr) may be driving the aggregation of fishes around the visitors' area. This has also been suggested in other ichthyological studies of karstic lakes in southern Mexico (Schmitter-Soto and Gamboa-Pérez 1996; GamboaPérez and Schmitter-Soto 1999) . Similarly to other studies in the region (Rodiles-Hernández et al. 1996 Schmitter-Soto and Gamboa-Pérez 1996; Gamboa-Pérez and Schmitter-Soto 1999) and characteristic of tropical fish communities of lentic systems (c.f., Lowe-McConnell 1987) , the distribution of fish species in Lachuá Lake is mainly driven by the structural and spatial configuration of habitats and microhabitats in the littoral zone of Lachuá Lake (c.f., Tables 1 and 2 ). The distribution and complexity of suitable habitat available to neotropical freshwater fish species (e.g., presence of periphyton in the substrate, submerged aquatic vegetation, type of bank vegetation, presence of submerged stems and tree trunks) influence the distribution, abundance, and community structure of Lachuá's ichthyofauna by providing individuals with refuge, food, and reproduction areas.
Lachuá's high number of species, its composition in secondary and peripheral species, the presence of species endemic to the Usumacinta River, and the seasonal presence of highly migratory diadromous fishes such as Megalops atlanticus Valenciennes, 1847, portrayed this karst lake as an important open system in the uppermost Usumacinta River drainage basin. The disclosure of Lachuá Lake as a tributary of the surrounding binational hydrological system stresses the importance of addressing conservation issues at a broader regional scale. Future sustainability of Lachuá's ichthyofauna is dependent upon a continued healthy exchange of gene pools with the surrounding environment, as well as an open passage for migratory species. In order to preserve Lachuá's ichthyofauna and its associated habitats, we advocate for binational (Mexico-Guatemala) and multiagency efforts in the regulation, conservation, and management of the shared aquatic resources of the Usumacinta River drainage basin. Table 2 . Taxonomic list of the 36 fish species identified in Lachuá Lake, Laguna Lachuá National Park, Alta Verapaz, Guatemala, from May 2000 through February 2001. Families are listed according to Eschmeyer and Fong (2012) , genera and epithet in alphabetical order (Eschmeyer and Fricke 2012) . Habitat types where taxa were identified are denoted by MS (muddy shore), RM (river mouth), and RS (rocky shore). Institutional (USAC) catalogue numbers for available vouchers are indicated in brackets.
CLASS ACTINOPTERYGII

